Abstract-The dynamic permittivity of microstrip structure deduced by adopting the Cole-Cole diagram results in a modified smith-chart representation (FDSC) that takes into the account the frequency-dependent influence of the fringing field and lossy characteristics of the line cohesively. This research illustrates microstrip patch antenna system for wireless communications applications that operates on 2.45 MHz ISM band. The impedance matching is a part of the design process to maximize power in the antenna system. This model proposed in this research is compatible with computer aided design system (CAD) and hence, fast and easy for implementation.
I. INTRODUCTION
The adoption of frequency-dependent (lossy) Smith-chart representation is proved to be an effective method for rectangular microstrip antenna design [1] . The Industrial, Scientific and Medical (ISM) frequency bands governed by Federal Communications Commission (FCC) Part 15 specifications have seen dramatic growth in recent years, particularly for 2.4000 to 2.4835GHz (ISM-2400) band.
In this paper, the present effort addresses the design of an antenna system for wireless communication applications, which operates in the 2.45GHz (ISM) band. First, the design of the rectangular microstrip patch antenna is demonstrated by using the FDSC model in [2] , [3] Then, the impedance matching methods for the antenna are indicated. Finally, the analysis and comparison of the FDSC design and the conventional model [4] are presented.
II. RECTANGULAR MICROSTRIP PATCH ANTENNA DESIGN
For the present design, the rectangular microstrip antenna has a substrate with dielectric constant ( ) of 2.5 and the antenna is a direct-feed type. The size of the patch is ( ) ( ) ( ; at ) and a thickness of ( at ). Fig. 1 shows the input impedances calculated as per the FDSC model [2] , [3] and that by the Abboud's model [4] for the patch operating at 2.45GHz. The design of the matching section for the antenna will be the next step and is discussed in the following sections. 
III. NARROWBAND MATCHING
The impedance matching is a part of the design process for a microwave component or system where maximum power transfer is crucial. Impedance matching is pertinent because:  Greatest and most efficient level of power is delivered when the load is matched to the line.  Impedance matching power distribution network particularly in antenna will reduce amplitude and phase errors. The quarter-wave transformer is a simple structure compatible for matching real load impedance to a transmission line. An additional feature of the quarter-wave transformer is that it can be extended to multi-section designs for broader bandwidths.
As a first step, how the input impedance varies with frequency when a single quarter-wave section is terminated in a pure resistance is considered. A drawback of a single section quarter-wave transformer is that it can only match a real load impedance. Complex load impedance as illustrated in Fig. 1 can be altered to a real part by using an suitable length of transmission line between the load and the transformer as illustrated in Fig. 2 The input impedance of the matched line, as a function of frequency can be obtained by using a Smith-chart. Normalizing the all quantities with respect to ,
For the design a lossless transformer section is assumed; hence the phase velocity is independent of frequency and . Therefore, at any frequency the transformer length as a fraction of the wavelength is given by 0.25 (3) Eq. (3) is used to compute the electrical length of the transformer in Table I over the range ⁄ . Since is independent of frequency, by using the Smith-chart (Fig. 3 ) at , and rotate on the S' = , circle for each frequency to find the corresponding value of normalized input impedance . A typical rotation is shown in the Fig. 3 for ⁄ , . The results are tabulated in Table I . By (2b) it may be seen that the match is perfect at . The input impedance normalized with respect to is obtained by,
Value of are shown in Table I and II for the FDSC model and that of the Abboud's model [4] .
From Tables I-II and Fig. 3, Fig. 4, and Fig. 5 , it illustrates that the maximum standing wave ratio is stipulated as 2, the allowable bandwidth of the FDSC model shows a greater value than that of the Abboud's model [4] , to an extent of about 11.40%. A possible explanation is that (bandwidth) is directly proportional to the loss of the system [5] . Therefore, when the frequency-dependent characteristic impedance is taken into the calculation, it is reflected in an increase of bandwidth calculated (using FDSC model). The structure and dimension of the designed antenna is obtained in Fig. 6 and Table III. 
IV. BROADBAND MATCHING
As mentioned earlier, the broadband design can be achieved by using a set of cascaded quarter-wave transformer sections. Assuming that two or more quarter-wave sections are connected in cascade to transform to , the problem is then to determine namely, the characteristic impedances of these sections. A number of approaches have been identified in the frequency dependent smith chart (FDSC) literature to determine .For instance, Slater [6] has suggested the use of common logarithms of the impedance ratios at the junctions in the system with the coefficients of the binomial expansion ( ) , as indicated below:
No. of Logarithm of impedance ratio For the present application, consider the design of a two-quarter-wave-section system. Reading from left to right-in the inset of Fig. 7 , the impedance ratios at the junctions are . Since the number of sections, n, is equal to 2,
That is, from left to right, the logarithms of the impedance ratios follow the rule 1 2 I in accordance with the above table. Then, taking antilogarithms,
Solving for and in terms of and
The impedance at the junction of the two quarter-wave sections is (Fig. 6) (9) This transformation will now be used to design a double-section system for an over-all transformation ratio of . As a first step, consider the right-hand section, and normalized with respect to :
(10a) By (9) the normalized input impedance should be (10b)
Following the method of the last section, enter value on the Smith chart diagram, and rotate on a circle of constant S' the appropriate fraction of a wavelength at each frequency. The values of are tabulated in Table IV and Table V , and the corresponding locus is shown in the Fig. 8 and Fig. 9 . Now, is the termination for the left-hand quarter-wave transformer in Fig. 7 . To handle this section on the Smith-diagram, all quantities should be normalized with respect to . The double prime will indicate these quantities; thus,
Since at each frequency and rotating toward the generator on a circle of constant the appropriate distance indicated in the table. is determined by,
The calculated results are shown in Tables IV-VI and Fig.  8, Fig. 9, and Fig. 10 . The results indicate that, in the broadband matching, the bandwidth ( ) is greater than that of the narrowband matching ( ⁄ ) or 46.25% difference as shown in Fig. 5 and Fig. 10 . Further, it can be observed that the error between the FDSC model and the Abboud's model is 10% as shown in Table VI . The structure and dimension of the designed antenna is obtained in Fig. 11 and Table VI.   TABLE IV: 
V. CONCLUDING REMARKS
The use of modified smith-chart is proved to be an efficient method in representing the frequency characteristics of the microstrip line. This study further demonstrates the feasibility of a cohesive presentation of the dispersion (lossy and lossless) characteristics of a microstrip line via impedance matching. As indicated in this research, impedance matching in design process for the antenna allows efficient and greatest power to be delivered when the load is matched to the line. Further, impedance matching also reduces the amplitude and phase errors. Therefore, in this research it was concluded that in broadband matching, in adopting the FSDC representation in this case, error has been reduced by a significant level increasing the accuracy of the model. As a result, this research illustrates an efficient design of CAD compatible microstrip patch antenna system for wireless communications on 2.45 MHz ISM band.
